Object: The therapeutic options for advanced laryngeal-hypopharyngeal cancer have broadened in the last decades, in the attempt to cure the cancer sparing laryngeal functions and to improve quality of life (functional surgery, chemoradiotherapy, combined therapy). Methods: We propose a single-centre based retrospective study on the results of the treatment of larynx-hypopharynx cancer on the basis of the different therapies offered, focusing on advanced-stage cancers. Among 146 patients with laryngeal-hypopharyngeal cancer treated in the period 1999-2006, we focused on 64 patients with advanced stage resectable cancer. In the larynx cancer group-n = 40, 32 patients had surgery and 8 patients had CT-RT (refusal of laryngectomy or relative contraindications to surgery). In the hypopharynx cancer groupn = 24, 16 patients underwent surgery and 8 patients had CT-RT. The outcome measure considered has been overall survival. Results: Larynx cancer group. Overall survival: after surgery we observed a 3-year survival of 62%, and a 5-year survival of 44%, while after CT-RT we had a 3-year survival of 25% and a 5-year survival of 12%. Hypopharynx cancer group. Overall survival: surgery: 3-year survival: 40%, 5-year survival 32%; CT-RT: 3-year survival: 50%, 5-year survival: 34%. Conclusion: The results emphasize the use of larynx-preserving approaches for appropriately selected patients without a compromise in survival; in our case series, surgery had better outcome than CT-RT in advanced-stage larynx cancer; whilst no significant differences were observed in the treatment of hypopharynx cancer.
Introduction
Cancer of the larynx is among the most common cancers of the upper aero-digestive tract and it is diagnosed in nearly 10,000 men and women in the United States every year [1] . In Europe about 52,000 new cases of larynx cancer are discovered every year [2] . Hypopharynx cancer is a less common disease, representing in the United States, along with cervical esophageal cancer, as much as 10% of the tumors of the superior aero-digestive tract, and less than 1% of all cancers [3] . In more than half of the cases the tumour at diagnosis is an early stage larynx cancer, the remaining being advanced stage according to the AJCC classification [4] . The prevalence of larynx cancer is in Italy 142 per 100,000 (271 per 100,000 in men, and 22 per 100,000 in women) [5] .
The main therapeutic options in the treatment of hypopharynx-larynx carcinomas are surgery-radical, endo scopic and open partial, but also radiotherapy (RT) and, more recently, a combination of chemotherapy (CT) and RT. While data on the therapeutic indications and results in the treatment of early-stage carcinomas are well consolidated, the management of advanced-stage carcinomas causes much more discussions, because of the radical changes in the last twenty years [4, 6] , as a consequence of the increased knowledge in biology, pharmacology, surgery and technology.
We propose a retrospective study on the cases of locoregionally advanced-stage hypopharynx and larynx squamous cell carcinomas (SCCs) we have observed in the period 1999-2006 at the Otolaryngology Dept. of the University of Turin; the primary end point of the study was to compare the outcome after surgery and after chemoradiotherapy (CT-RT) protocols.
It is intended to be the contribution of a monocentric experience, differently from other multicentric experiences available, which are at risk for bias and heterogeneity
Patients and Methods
Data on laryngoscopy procedures from surgery registers of the Department of Otolaryngology of the University of Turin were analyzed to identify the diagnosis of laryngeal-hypopharyngeal cancer. The study has included only patients affected by SCCs, thus excluding the cases of mucoepidermoid carcinomas, adenoid cystic carcinomas and verrucous carcinomas, which have biological features, natural history and treatment different from SCC [7] . The period considered has been 1999-2006 when 146 patients were treated for hypopharynx or larynx cancer (see Table 1 for characteristics). In particular the sites of the tumors included glottis, supraglottis and hemilarynx for laryngeal cancers, piriform sinus and pharyngo-larynx for hypopharyngeal cancers.
Among them 66 were previously untreated stage III or IV hypopharynx/larynx cancer; 2 were excluded (interruption of CT for severe acute toxicity, supportive care only): the remaining 64 advanced-stage patients were considered for analysis.
The informed-consent procedures and the study design followed national and international guidelines [8, 9] and were reviewed and approved by the investigational board.
The follow-up ranged between 3 and 8 years, with a mean follow-up period of 51 months in the larynx cancer group, and 54 months in the hypopharynx cancer group. The characteristics of the 64 cases of resectable advanced-stage laryngeal-hypopharyngeal cancer analyzed are presented in Table 2 . 1 Note that the dictions "Pharyngolarynx" and "Hemilarynx" refer to neoplasms so extended at laryngeal or pharyngolaryngeal level that attribution to a precise site of origin was impossible; [2] The sum of the 3 groups does not reach the total numbers of patients, because histological grading is defined only in invasive cancer, and so the 4 cases of carcinoma in situ in our sample are apart from this count [3] ; This subgroup includes only the advanced-stage cancer patients considered for analysis (66 − 2 excluded = 64 patients). Patients in the surgery group were treated, when possible, with organ preservation surgery (14/48), in particular supraglottic laryngectomy and supracricoid partiallaryngectomy (with crico-hyoido-epiglottopexy: CHEPor crico-hyoidopexy: CHP-); when functional therapy was not possible, they received total laringectomy (34/48), followed by adjuvant RT when indicated; in the CT-RT group, the patients had CT-RT organ preservation in most of the cases because they refused total laryngectomy; a limited number because of surgical or medical contraindications towards surgery.
Salvage surgery was offered if the treatment failed to obtain complete response: in particular a subtotal laryngectomy was then made in a patient, because of recurrence of disease, and a laterocervical neck dissection was mandatory in another patient because of appearing of disease at that level.
The most common chemoradiotherapy protocol was based on cisplatin -CDDP-and 5-fluorouracil: -5-FU-(induction with CDDP 100 mg/m 2 at day 1 and 5-FU 1000 mg/m 2 days 1 to 5 every 21 days × 2; concurrent CT-RT with CDDP 30 mg/m 2 weekly and RT 68.4 -70.2
Gy and conventional fractioning 1 fraction/day, 1.8 -2 Gy/day, n = 8).
Rarely a less aggressive protocol (concurrent cisplatin-CDDP-and RT) or a chemoradiotherapy carboplatin (CBDCA) and taxol-based were used (the first one CDDP 30 mg/m 2 weekly + RT 64 -70.2 Gy/conventional fractioning, n = 4; the latter induction with CBDCA area under the curve, AUC = 6 at day 1 and taxol 175 mg/m 2 at day 2 repeated every 21 days × 2 and concurrent CT-RT with CBDCA (AUC = 2) and RT 68.4 -70.2 Gy, conventional fractioning, n = 4).
All of the patients considered but one completed the chemoradiotherapy protocol: such patient was in the CDDP-5-FU group and stopped the CT just before the fulfillment of the CT for toxicity, but has been however considered in survival analysis.
For each patient, data were collected from hospital registers and from clinical-endoscopic evaluation. Data were analyzed after 2010, to have a follow-up of at least three years. The outcome measure considered has been overall survival, that has been calculated from date of diagnosis to date of death or date of the last follow-up; when it was not possible to clinically evaluate the patients, a phone survey and, in case, an interrogation of the General Registry Office were carried out.
Statistical Analysis
Two groups were created on the basis of the cancer localization: the first included patients with cancer of glottis, supraglottis and hemilarynx (n = 40), the second one tumors of piryform sinus and pharyngolarynx (n = 24); subjects were classified on the basis of the first line therapy, i.e. surgery or chemoradiotherapy. To analyze the relation between treatment and mortality non parametric survival curves (estimated with Kaplan-Meier method) were plotted, and Cox models were estimated, using treatment as model covariate. Hazard ratios of Cox models were evaluated using surgery group as reference category. Risk proportionality was tested with the logcumulative hazard plot. The analysis was performed using PROC LIFETEST and PHREG of SAS System.
Results
The results of survival analysis and Cox models are reported in Table 3 . In the larynx cancer group the observed median survival time has been 47.2 months in the surgery group and 18.6 months in the CT-RT group. The 3-year survival probability was 62% (se: 0.09) after surgery and 25% (se: 0.15) after CT-RT, while 5-year survival probability was respectively 44% (se: 0.09) and 12% (se: 0.12).
In the hypopharyngeal group we found the median survival has been 33.1 months in surgery group, 36.1 months in CT-RT group. The 3-year survival probability was 40% (se: 0.13) after surgery and 50% (se: 0.18) after CT-RT, while 5-year survival probability was respectively 32% (se: 0.13) and 34 % (se: 0.18). Figures 1 and 2 show the survival curves for larynx and hypopharyngeal cancer. For the larynx cancer the survival probability for the surgey group was always higher than for the CT-RT group. For the larynx cancer the risk of death was significantly higher for CT-RT group compared with surgery group (HR: 2.98; [1.28 -6 .97]), while a difference was found for hypopharyngeal cancer, with a slight better outcome after CT-RT than surgery, but it was not statistically relevant (HR = 0.75 [0.24 -2.41]).
Discussion
For many years, the only recommended treatment in advanced-stage carcinomas has been total laryngectomy followed by adjuvant RT. Many attempts have been made in order to avoid larynx mutilation in these tumours, both in surgery and in medical oncology and radiotherapy.
Transoral laser microsurgery has a limited role in advanced-stage cancer, even if it may be indicated in some T3 glottic or supraglottis tumor with normal arytenoid mobility [9] .
Among many open partial laryngectomies, nowadays the most commonly employed are supraglottic laryngectomy, supracricoid partial laryngectomy (with CHEP or CHP) that may be proposed in the treatment of T3 glottic or supraglottis tumor with arytenoid mobility and selected T4a glottic or supraglottis tumor without thyroid invasion. In selected cases subtotal laryngectomy with tracheo-hyoidopexy may be performed [9] .
For what concerns non surgical organ preservation, the first study that explored this possibility has been a randomized trial on American Veterans (VALCSG), in which an induction CT was used to select patients who most likely would respond to RT, so that responders received RT while non-responders were surgically treated [9] .
The next EORTC trial used a protocol similar to the VALCSG study, but enrolled patients with hypopharynx-larynx cancer, and not merely laryngeal tumors as the previous study [11] .
RTOG 91-11 trial subsequently demonstrated that concomitant CT-RT could achieve higher larynx preservation rates than sequential schedule, even if the 5-year overall survival rates did not differ significantly [12] .
These trials and the several that followed [13] [14] [15] [16] demonstrated the possibility to achieve similar survival rates both using CT-RT or radical surgery, and certainly changed the standard of care in advanced-stage larynx cancer; these emerging data have not been accepted by everyone and most criticism arose, especially on the enrolling criteria of these studies and the possible bias of patients with an earlier stage disease in the experimental arm of these studies.
Besides, as Genden reports in his recent paper, there are not many reports evaluating the results of the different organ preservation and non-organ preservation approaches and data emerging from them are conflicting.
Moreover, it may seem that the quality of life in patients undergoing surgical and non-surgical therapies for advanced-stage laryngeal cancer is similarly compromised, although under different aspects [4] .
In summary, among the organ preservation strategies organ preservation surgery in highly selected patients may achieve good oncological and functional results; chemoradiation protocols may obtain better oncological results in comparison with radiotherapy alone and have also effect on micrometastases, but there is higher acute toxicity than radiotherapy alone or surgery [17] , and not always the preservation of the organ means the preservation of its function.
More recently, a multidisciplinary consensus panel presided by Lefebvre developed guidelines with recommendations for the conduct of clinical trials of larynx preservation in patients with locally advanced laryngeal and hypopharyngeal cancer [18] . The main key points indicated in the document are trial population features such as TNM classification, age and functional assessment. In particular, trial population should include patients with T2 or T3 laryngeal or hypopharyngeal SCC not considered for partial laryngectomyand should exclude those with laryngeal disfunction or age more than 70 years; moreover functional assessments should include speech and swallowing. The study also specified that primary endpoints should capture survival and function, and introduced the new end-point of laryngo-esophageal dysfunction-free survival.
Even if the present study was designed before such recent recommendations, we applied many criteria successively reported by Lefebvre et al. [18] , considering reasonable differences, i.e. for what concerns T4 cancer treatment.
The case series presented is representative of the distribution of hypopharyngeal-laryngeal cancer for what concerns M/F ratio, age, cases of early-stage disease at diagnosis, anatomical sites and sub-sites involved, and are aligned with data from literature [19] .
Our data on larynx cancer show that results obtained with surgery are better than those obtained with CT-RT protocols. Furthermore, survival in the surgery arm of our study is similar to that from other Authors, while the results of CT-RT regimens observed in this study are worse than those published by other Authors [6] . Another important aspect is the fact that our retrospective case series resembles most suggestions recently indicated by Lefebvre et al. [18] in an important consensus panel on the modality to conduct larynx preservation clinical trials. These suggestions have been proposed in order to obtain studies and results more homogeneous and comparable than in the past decades.
Differently from the results we observed for larynx cancer, outcomes after surgery and CT-RT organ preservation in the hypopharynx cancer group were superimposable; such different responses to treatment between larynx and hypopharynx cancer are not surprising if we consider that cancer of the hypopharynx has generally more locoregional aggressiveness, more propensity for extensive microscopic regional infiltration and for an high incidence of distant metastasis, that better can be controlled by a "systemic treatment" as CT-RT is [20, 21] .
The study we present has been designed to analyze the results obtained in the clinical practice, and this makes impossible to randomize or to strictly balance our study population. The main limits of the present study are certainly the small numbers groups, especially for CT-RT group. We have to consider that larynx cancer is not very common, and so it is difficult to collect wide groups for a study. Besides, we have considered overall survival, and not disease-specific survival: this has brought us to overestimate mortality in the survival curves, nor we have presented other survival indicators, as recurrence rates, or recurrence-free survival. The only predictors of survival considered have been treatment. Retrospective reviews may have much weakness and may be at risk of bias, too. It is to underline the fact that a centre has the need to conform to the progresses in therapies-new drugs-and technologies: in the last ten years there have been many changes in CT-RT protocols, while modest ones in surgery and this is the reason why we don't have a "standard protocol" for the CT-RT, and slightly different CT-RT protocols are present in our retrospective analysis; the therapies offered however, were in accordance to the literature and national and international guidelines available for each period considered. Conversely, much more standard has been surgical indication and techniques.
The CT-RT treatment group included also patients who underwent salvage surgery for local or regional recurrence of the disease, and not only patients exclusively treated with CT-RT. Finally, we have not presented data on functional aspects of patients who underwent organ preservation-surgical or CT-RT-or radical surgery, nor on the presence of adverse events, such as dryness of mouth or fistulas: these data are missing in hospital registry and difficult to obtain in case of death, impossibility to find patients or their relatives.
The distance of our results in CT-RT organ preservation from those published by other Authors may have been conditioned by the limited numbers in the CT-RT arm and by the altered performance status of some of these patients.
As reported above, till now surgical therapy is the preferred treatment modality in hypopharynx-larynx carcinomas, with better results than non-surgical therapy in larynx cancer, and no differences in results in hypopharynxtumors. A scientific "CT-RT culture" in larynx cancer management is not widespread in Europe, where there is an evident surgical address maybe for the lack of a solid experience on CT-RT larynx organ preservation protocols and for the subsequent poor attention paid to this innovative therapeutic option at the moment of the therapy planning.
CT-RT organ preservation addressing has been discussed in a recent epidemiological study on patients with larynx cancer in which a reduction in survival was observed in the last twenty years, and it was correlated to the diffusion of CT-RT that prejudices of surgery [19] . On the other side, in the same period there was an improvement in survival in Europe, where there was a more frequent surgical approach.
A negative aspects of CT-RT organ preservation, is the loss of time before surgery in non-responders to induction CT, and the presence of adverse events [22] . With regard to the first aspect, it is interesting the recent experience of Urba, which used a single CT course to select responders and non-responders, reducing the time to surgery in non-responders [23] . For what concerns adverse events, new biological drugs may improve the efficacy of CT agents, with a good toxicological profile [24] [25] [26] .
The more positive results achieved by surgery in the treatment of advanced-stage larynx cancer, suggest us to prefer surgery to CT-RT, at least until we will have the possibility to select a group of patients that best will take advantage with CT-RT [27, 28] . An important contribution may also come from recent genetics studies, with the identification of genetic predictors of chemoradiation resistance in advanced head and neck squamous cell carcinoma (HNSCC): the presence of different genomic profiles in sensitive and resistant HNSCCs may be valuable as predictive markers helpful at the moment of therapy planning [19] .
As previously discussed, CT-RT organ preservation started in USA from 1980's, maybe also on the driving force of the worse surgical results obtained there than in Europe; in the last twenty years surgery made notable progresses both in the field of endoscopic surgery and open partial surgery (combined internal-external partial laryngectomy, subtotal laryngectomy with tracheoyoidopexy) [30, 31] .
Probably American otorhinolaryngologists, whose surgical address was less aggressive, turned their attention to the improvement of quality of life with non-surgical organ preservation; they thus obtained innovative results, but slow their surgical experience, in particular for what concerns supracricoid surgery and tracheoyoidopexy. Their use of surgery in case of failure of CT-RT, made them follow a way that does not allow a careful evaluation of the results obtained with surgery, since the results have been invalidated from multimodality therapy. On the contrary, European ENT specialists have not paid the right attention to CT-RT organ preservation for their prevalent attention toward surgery [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] .
We believe that CT-RT organ preservation has to be taken into account in the therapy planning, notwithstanding the possible presence of adverse events after CT-RT regimens; anyway we believe that patients with hypopharynx-larynx advanced cancer have to be treated, if possible, with surgical organ preservation, reserving CT-RT organ preservation to patients in which there are reasons that exclude them from a surgical approach.
In perspective, for what concerns surgical organ preservation, we have to consider the advantages offered by the latest advancements in surgery (more aggressive laser endoscopic surgery, combined surgical techniques, tracheohyoidopexy). For what concerns CT-RT organ preservation the best protocol still need to be defined [32] [33] [34] , even if we have to consider the better results obtained with tri-therapy regimes (cis-platin, 5-FU and docetaxel) in comparison to bi-therapy regimens, and the contribution of new cytotoxic agents (as taxane) that improve induction CT, and finally advancements in radiotherapy. All the different therapeutical options for larynx organ preservation have to be considered in order to preserve the functions and to improve the quality of life in patients with laryngeal cancer without impairing the survival; this requires special expertise, multidisciplinary management and a specialized support team.
In conclusion we think it would be appropriate to add to the term organ preservation an adjective that specify the procedure employed, i.e. surgical organ preservation or chemo-radiotherapic organ preservation; surgical organ preservation allows the preservation of part of the larynx with all its functions, while CT-RT organ preservation refers to a treatment without surgery, but only with chemo-radiotherapy that allows the preservation of all the larynx along with all its functions.
